Results: Eighteen studies were included. Percentages of RSV detection varied highly across included studies for adult subjects with respiratory infections (0% to 77.9%), influenza-like illness (1.0% to 16.4%) and community-acquired pneumonia (1.3% to 13.5%). Considerable percentages of hospitalization were reported for RSV-infected adults with influenza-like illness (40.9% and 69.9%) and community-acquired pneumonia (91.7%).
Introduction
Respiratory Syncytial Virus (RSV) was first identified in chimpanzees in 1955 and, shortly after, recognized as a cause of viral bronchiolitis in human infants (Hall 2001; Falsey et al., 2005; Schweitzer and Justice 2018) . Since then, RSV has been widely acknowledged as a major pathogen in newborn infants and young children (Moore et al., 2014; Piedimonte and Perez 2014; Gökçe et al., 2017) , being associated with severe forms of disease.
Though overshadowed by its preeminent importance among pediatric populations for several decades since its recognition as a human pathogen (Walsh and Falsey 2012) , RSV has become an increasingly documented cause of illness in adults. In fact, several studies exploring and reporting the burden and clinical impact of RSV among adult populations across various geographical regions, in both outpatient and inpatient settings, have been published in the last two decades (Falsey et al., 2005; Lee et al., 2013; Volling et al., 2014; Mullooly et al., 2007; Thompson et al., 2003) , including in recent years (Colosia et al., 2017; Ambrosch et al., 2018; Belongia et al., 2018; Kestler et al., 2018; Ackerson et al., 2019) . RSV infections have been shown to be more severe among immunocompromised adults, those with cardiopulmonary conditions, and the elderly (Volling et al., 2014; Colosia et al., 2017; Belongia et al., 2018; Chatzis et al., 2018) . Notably, various studies have suggested that the disease burden associated with RSV infections in the adult population is higher than that resulting from influenza virus infections, including in older adults (Kwon et al., 2017; Ambrosch et al., 2018; Kestler et al., 2018; Ackerson et al., 2019) .
Notwithstanding the growing body of literature documenting the impact of RSV among adults, barriers to the identification of RSV in this population may result in an underappreciation of the real virus burden. In adults, the clinical features of RSV infection are nonspecific, making its distinction from other frequent respiratory viral infections challenging (Walsh et al., 2007; Walsh and Falsey 2012) . As a result, laboratory confirmation is needed to confidently establish an RSV infection diagnosis (Walsh and Falsey 2012) . Even still, compared to infants and young children, virus titers in respiratory secretions are lower and the shedding duration is shorter, further increasing the difficulty of RSV identification in adults (Hall 1978; Falsey and Walsh 2000; Walsh and Falsey 2012) . Optimal diagnosis requires Reverse Transcription Polymerase Chain Reaction (RT-PCR) assays or serology, while antigen detection with immunofluorescent tests, enzyme immunoassays and cell culture are considered to be of low sensitivity in adults (Walsh and Falsey 2012) .
A systematic review and meta-analysis on the burden of RSV infection in Latin America was published in 2014 (Bardach et al., 2014) . The results of this study clearly show the burden of RSV among infants and young children, as a high pooled percentage (41.5%) of RSV in lower respiratory tract infections was found in those aged 0-11 months. In the elderly (!60 years), a considerable percentage of 12.6% has also been reported (Bardach et al., 2014) .
Nonetheless, only a small number of included articles in this review reported data exclusively for adult patients, with the majority being conducted in pediatric populations or presenting data for all age groups combined. Thus, the present study aimed at providing a comprehensive review of the available published data on RSV epidemiology in Latin America, focusing exclusively on the adult and elderly populations. Additionally, we also aimed at evaluating the burden and healthcare resources utilization associated with RSV, as well as the risk factors and routine clinical practice in the management of the RSV infection.
Methods

Literature search
A systematic literature search was carried out in Medline, Scielo, Lilacs, and Cochrane Library, in January 2018. Search terms aimed at retrieving studies focusing on RSV prevalence, burden, risk factors, and the routine clinical practice in the prevention and management of RSV infections in Latin America. Though we intended to focus solely on adult populations (!18 years), we opted not to limit the search strategy to retrieve studies with a reference to "adults" or similar terms only. The identification of the articles reporting data for adult populations was performed during the full-text review. This was intended to retrieve the maximum number of articles possible and to avoid the unintentional exclusion of articles reporting data for subsets of adult subjects, but with no reference to the term "adults". The reference lists of selected articles were searched for additional studies.
Criteria to select studies for this review
The criteria considered to select studies for the review were: 1) studies reporting any pre-defined outcome of interest for RSV (prevalence, burden, risk factors, and routine clinical practice); 2) studies reporting outcome data for at least a subset of adult subjects (!18 years); 3) studies reporting data for any Latin American countries. No restriction was made regarding study type. The systematic review and meta-analysis on RSV burden and epidemiology in Latin America published in 2014 (Bardach et al., 2014) considered studies published or reported until December 2010. To avoid overlap, and to focus on recent studies only, our search was limited to studies published since January 1st, 2011. Lastly, only articles in English, Spanish, or Portuguese were included.
Two independent reviewers evaluated the title and abstract of studies identified during the literature search. Full-text versions were obtained for all articles complying with pre-specified criteria, which were in turn assessed for eligibility. Articles not complying with selection criteria were excluded. Two reviewers discussed the results of the selection process, with impasses being resolved by a third reviewer.
Outcome measures
The following RSV-related outcomes were considered: 1) prevalence, considered as the primary outcome; 2) burden (incidence, mortality, hospital admissions, length of stay, use of healthcare resources, absenteeism, presenteeism); 3) risk factors; 4) RSV management (prevention and treatments used in routine clinical practice).
Data extraction process
Data from selected studies were extracted into an electronic data extraction form. These included the primary author, year of publication, study period, study type, country, number and characteristics (when available) of adult subjects included, means of RSV diagnosis, presenting condition, and outcomes of interest.
Risk of bias of individual studies
The quality of included studies was assessed based on four predefined criteria: a) means of RSV diagnosis; b) study duration; c) clear description of selection criteria; and d) statement of conflicts of interest presented. The first two criteria (a and b) are particularly likely to influence the prevalence of RSV reported by included studies, which was considered as the primary outcome of this review. Thus, these were considered as major criteria for the assessment of the studies' risk of bias.
Distinct diagnostic methods are associated with different sensitivities for RSV detection. RT-PCR assays or serology have been considered necessary for an optimal RSV diagnosis, while antigen detection with an immunofluorescent test, enzyme immunoassays and cell culture have been considered insensitive in adults (due to the low levels of virus shed and instability of viable virus) (Walsh and Falsey 2012) . On the other hand, short studies conducted during the RSV epidemic season in a particular country have the potential to introduce bias, given that they will likely report a considerably higher RSV detection than studies lasting at least a year. The same is true for short studies conducted during non-epidemic seasons, with a considerably lower percentage of RSV detection expected.
Thus, studies not using RT-PCR or serology to detect RSV and those with durations of less than one year were considered as having a high risk of bias. Studies using RT-PCR or serology and lasting at least one year were considered as having an intermediate risk of bias if they did not clearly describe the selection criteria or if no conflicts of interest statement was presented. Otherwise, a low risk of bias was assumed. 
Results
Study selection
A total of 325 studies were retrieved from the literature search. Sixteen records were duplicates and were removed. Following the initial assessment based on the title and abstract of retrieved studies, 32 articles potentially met eligibility criteria. Review of full-text versions resulted in the exclusion of 15 articles (reasons for exclusion are presented in Figure 1 ). The hand-searching of the reference lists of included articles yielded one additional study, resulting in 18 included studies. Figure 1 Flow diagram of literature search: Modified from the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement flow diagram (Moher et al., 2009) . N, Number of studies.
Overall, the studies reported data for six Latin American countries: Mexico (five studies), Brazil (four studies), Chile (four studies), Venezuela (three studies), Colombia (one study) and Guatemala (one study).
Risk of bias
Of the included studies, five carry a high-risk of bias, four an intermediate risk of bias, and nine a low risk of bias (Table 1) .
Outcomes of interest
Seventeen out of the 18 included studies reported the percentage of RSV detection in adult patients in Latin America. The studies included patients presenting with different conditions: five studies included patients with respiratory infections, six included patients with Influenza-like Illness (ILI), three included patients with Community-acquired Pneumonia (CAP), and patients with Severe Acute Respiratory Syndrome (SARS), Severe Acute Respiratory Infections (SARI), and transplant patients with respiratory symptoms were recruited in the remaining three studies. The case definitions used by the included studies to define and select eligible patients with the conditions of interest are summarized in Table 2 (for respiratory infections), Table 3 (for ILI), Table 4 (for CAP) and Table 5 (for the remaining conditions). Data on RSV-associated hospitalization and/or mortality were found in three studies. Two studies reported on the treatments used by RSV-infected adult patients.
The sections below describe the results found in the included studies, per outcome of interest (RSV detection, hospitalizations and mortality, and treatments used).
RSV detection
The main characteristics and the percentages of RSV detection reported for adult patients with respiratory infections, ILI and CAP are summarized in Tables 6-8 respectively. Studies describing RSV identification in patients with other conditions are presented in Table 9 .
Respiratory infections
Marked differences were observed in the percentages of RSV detection among adult subjects with respiratory infections. Percentages ranged from 0% (Brazil) (Watanabe et al., 2011) to 77.9% (Venezuela) (Zambrano et al., 2012) .
Influenza-like Illness
Five studies reported the percent of ILI episodes that were positive for RSV, while one study presented the proportion of RSV identification among the detected respiratory viruses. Percentages of detection ranged from 1.0% (Venezuela) to 16.4% (Mexico). Three studies found higher prevalences in older subjects (6.2% in subjects >50 years vs. 4.0% in subjects aged 18-49 years (Gamiño-Arroyo et al., 2017); 4.2% in !60 years vs. 2.4% in 18-59 years (Galindo-Fraga et al., 2013) ; and 18.9% in subjects !60 years vs.12.0% in subjects aged 25-59 years) (Freitas 2013). Comach G. et al. found almost no RSV cases in the age groups between 30-44 years (1.0%), 45-59 years (0.0%) and !60 years (0.0%) (Comach et al., 2012) .
Community-acquired pneumonia
All three studies reporting the percentage of RSV detection among subjects presenting with CAP were conducted in Chile. One study reported a considerable percentage of RSV identification 
Acute respiratory viral infections: patients presenting acute respiratory symptoms Table 3 Case-definitions for ILI across included studies.
Study
Case-definition
Fernandes-Matano et al.
Fever greater than or equal to 38 C, a cough, and cephalalgia accompanied by one or more of the following symptoms: rhinorrhoea, coryza, arthralgias, myalgias, prostration, odynophagia, thoracic pain, abdominal pain, or nasal congestion. In patients older than 65 years, fever was not required as a cardinal symptom. Gamiño-Arroyo et al.
Presence of at least one respiratory symptom (e.g., shortness of breath, nasal congestion, and cough) and one of the two following criteria: (i) fever !38 C on examination, or self-reported fever, or feverishness in the past 24 hours; (ii) one or more non-respiratory symptoms (e.g., malaise, headache, myalgia, or chest pain). Patients who had been hospitalized for more than 48 hours at the time of symptom onset were excluded. Falsey et al. (2014) Simultaneous occurrence of at least 1 respiratory symptom (nasal congestion, sore throat, new/worsening cough, dyspnea, sputum production, or wheezing) and one systemic symptom (headache, fatigue, myalgia, feverishness [feeling hot or cold, having chills or rigors], fever [oral temperature of !37.5 C]). Riquelme et al. (2014) Axillary temperature !38.5 C, cough and other symptoms such as myalgia, odynophagia or headache. Galindo-Fraga et al.
Presence of at least one respiratory symptom (e.g., shortness of breath, postnasal drip, and cough) and one of the two following criteria: (1) fever (!38 C by any method) on examination, or participant-reported fever (!38 C), or feverishness in the past 24 h; (2) one or more nonrespiratory symptoms (e.g., malaise, headache, myalgia, and chest pain). Freitas (2013) A case of fever accompanied by cough or sore throat with no other diagnosis. Comach et al. (2012) Sudden onset of fever (!38 C) and either cough or sore throat for less than five days in duration, with or without general symptoms such as myalgias, prostration, headache, or malaise.
Table 4
Case-definitions for CAP across included studies.
Study
Case-definition Peñafiel et al. (2016) Infiltrate in a chest X-ray taken on admission and presence of one or more major findings (cough, mucopurulent or hemoptic expectoration, axillary temperature over 37.8 C), or at least two minor findings (pleuritic chest pain, dyspnea, decreased level of consciousness, lung tissue condensation observed in the physical examination, or a while blood count over 12 000/mL). Luchsinger et al.
Presence of acute respiratory symptoms for 1 week and a chest radiograph displaying new pulmonary infiltrates. Rioseco et al. (2012) Infiltrate in a chest X-ray taken on admission and presence of one or more major findings (cough, mucopurulent or hemoptic expectoration, axillary temperature over 37.8 C), or at least two minor findings (pleuritic chest pain, dyspnea, decreased level of consciousness, lung tissue condensation observed in the physical examination, or a while blood count over 12 000/mL). 
Serious Acute Respiratory Syndrome: patients hospitalized with ILI* of any age group and with signs/symptoms of dyspnea, oxygen saturation below 95% or respiratory distress. *ILI: sudden fever, even if it is self-reported, and cough or sore throat and at least one of the following symptoms in the absence of specific diagnosis: headache, myalgia or arthralgia. Rioseco et al. (2012) Transplant patients with fever, cough, and headache, plus at least one of the following symptoms: rhinorrhea, coryza, arthralgia, myalgia, prostration, sore throat, chest pain, abdominal pain, or nasal congestion.
(13.5%) among ambulatory patients (Luchsinger et al., 2012) , while the remaining two (conducted in ambulatory patients admitted to the hospital and hospitalized patients) presented low percentages (1.3% and 2.9%, respectively) (Rioseco et al., 2012; Peñafiel et al., 2016) .
Other conditions
Fernandes Finally, De Lima CRA et al. reported that 19 respiratory viruses were detected in transplant patients presenting with fever, cough, and headache, plus at least one of the following symptoms: rhinorrhea, coryza, arthralgia, myalgia, prostration, sore throat, chest pain, abdominal pain, or nasal congestion. RSV was the second most prevalent virus (20%), behind parainfluenza virus III (32%) (de Lima et al., 2014) .
Hospitalizations and mortality
A study in Mexico with patients presenting ILI reported that 40.9% (70/171) of RSV infected adults aged !18 years were hospitalized. Of these, three required ICU admission. This study 
Treatments
We found no studies describing the routine clinical practice in the prevention or treatment of RSV infections in the adult populations. However, two studies reported the treatments used by patients presenting with RSV-related ILI and CAP, before the identification of respiratory pathogens was performed.
Galindo-Fraga A. et al. reported that, before the identification of the etiological agent, 35% of RSV-infected adults presenting with ILI had used an antiviral, 65% antibiotics, 35% inhaled steroids, and 43% systemic steroids (Galindo-Fraga et al., 2013) . Luchsinger V. et al. showed that 28.9% of subjects with RSV-related CAP used antibiotics before hospital admission (Luchsinger et al., 2012) .
Discussion
The present study aimed at providing the current status of knowledge on RSV epidemiology in adults and the elderly in Latin America, based on recently published data. The literature search retrieved only 18 eligible studies, indicating that recent RSV data focusing exclusively on adult populations in Latin American countries are scarce.
Seventeen out of the 18 studies included in the review reported the percentage of RSV detection in adult patients presenting with various conditions (such as ARI, ILI, CAP, SARS and SARI) and in distinct settings (community, ambulatory and hospitalized). As expected, considerable variation was found in the percentages of RSV identification reported by the included studies, even when considering only patients presenting with the same condition. Several factors may have contributed to the variability observed. First, one should consider that the case definitions used to define and select eligible patients differed across the included studies ( Table 2 to Table 5 ). As a result, some heterogeneity is to be expected, even across studies focusing on the same condition (e.g., ILI). Second, further differences between included studies should be considered, such as disparities in the characteristics of the adult populations assessed, the different periods during which the studies were conducted, and the distinct methods used for RSV detection. Third, the variability may reflect the different impact of RSV across Latin American countries. These factors should be considered when interpreting the study results.
Based on the criteria defined to assess study quality (Table 1) , studies considered as having a high or intermediate risk of bias present an appreciable risk of having over or underestimated the RSV prevalence reported. This is mainly due to two factors: not having used RT-PCR or serology for RSV detection and/or having a duration lower than one year (short studies conducted within or outside RSV epidemic season will likely report a higher or lower RSV detection, respectively, than that they would have if lasting one or more years). Results from high and, to a lesser extent, intermediate risk of bias studies, should thus be interpreted with this in mind. The included studies reported outcomes of interest for Latin American countries with distinct RSV seasons. In Chile, the RSV season generally starts in April, peaks between June and July, and drops in September (Bardach et al., 2014) . In Mexico, a study conducted in patients aged 0-18 years reported that RSV infections occurred less commonly in the warmer months of the year (between March and June) and peaked in the cooler months (between August and March) (Rodríguez-Auad et al., 2012) . The RSV seasonal pattern is variable across Brazilian regions, which has been attributed to differences in climate characteristics across the country. In São Paulo (Southeast region), RSV season usually peaks between autumn and winter. In the Northeast region, RSV peaks have been observed in the rainy and winter seasons Med Crave (2016) . In Colombia, a pediatric study reported that most RSV infections (63.6%) occurred between March and May (Rodríguez-Martínez et al., 2015) . In Guatemala, the PAHO weekly reports suggest the existence of a long RSV season, peaking at different times throughout the years. Still, based on data from 2015 to 2018, one may observe that the peak generally occurs between July and October (PAHO, 2019) . This review included three studies with durations less than one year. Two of these studies (Fernandes-Matano et al., 2017; Rioseco et al., 2012) had study durations of approximately 11 months, which are not expected to have influenced the percentage of RSV detection reported. The study by Riquelme et al. (2014) , however, was a five-month study conducted within the RSV season in Chile, which may have overestimated the prevalence of this virus.
Three studies reported the percent of RSV detection among subjects presenting with Acute Respiratory Infections (ARI) in Latin American countries. According to the WHO, ARI is defined as a sudden/acute onset of at least one of the following four respiratory symptoms: cough, sore throat, shortness of breath and coryza (WHO, 2017) . Indeed, the presence of respiratory symptoms was part of the case-definitions for ARI of all three studies (Watanabe et al., 2011; McCracken et al., 2013; Ramirez et al., 2014) . In addition to this criterion, patients also had to present fever (ambulatory setting) or at least one sign of acute infection (hospital setting) to be included in the study by McCracken et al (McCracken et al., 2013) . ARIs are the leading cause of morbidity and mortality worldwide. In the adult population, these infections are the most typical cause of outpatient care. Several distinct microorganisms may cause these infections, with an estimate of up to 80% of cases being due to a viral etiological agent. Globally, influenza viruses are amongst the primary causative agents of ARI, though various other respiratory viruses (namely RSV) may cause these infections (Fernandes-Matano et al., 2017) . In Colombia, RSV accounted for a considerable amount of ARI cases between 2000 and 2011, with 31.7% of infections in adults aged !31 years testing positive for this virus. In Guatemala, a much lower detection of RSV was reported, with similar percentages being found among hospital and clinic patients aged !18 years (5.6% and 5.4%, respectively). The lack of positive samples for RSV in Brazil may have resulted from the small number of samples assessed (49). The WHO defines ILI as an ARI with measured fever of !38 C, cough and an onset within the last ten days (WHO, 2014) . Generally, the case-definitions for ILI of the included studies focusing on this condition differed from the one by WHO and between studies. Unlike the WHO definition, various studies did not consider cough and fever as necessary to define an ILI case. On one hand, patients could present other respiratory symptoms (namely shortness of breath, nasal congestion and sore throat) instead of cough. On the other, patients could present nonrespiratory or other systemic symptoms (such as malaise, headache, myalgia and chest pain) in place of fever. Lastly, most studies did not specify a maximum time for the onset of the symptoms. Most studies focusing on ILI reported percentages of RSV detection not exceeding 5%. The highest percentage (16.4%) was found in hospitalized patients aged !65 years, in Chile (Riquelme et al., 2014) . Still, it should be noted that this study had a short duration (May to September 2012) and was conducted during the RSV season (Bardach et al., 2014) , which may explain the high percentage of RSV infections reported.
RSV has been described as one of the leading causes of CAP among adults, surpassed only by the Streptococcus pneumoniae and influenza viruses (Dowell et al., 1996) . This is in agreement with one of the included studies, in which RSV infection was established in 13.5% of CAP adult patients, in Chile. Notably, RSV was the second most commonly isolated pathogen, behind Streptococcus pneumoniae (21.1%) (Luchsinger et al., 2012) . Conversely, two other studies conducted in Chile have reported low percentages of RSV detection (1.3% and 2.9%) (Rioseco et al., 2012; Peñafiel et al., 2016) . In one of these studies (Rioseco et al., 2012) , the use of Direct Immunofluorescence (DIF) for the detection of respiratory viruses may have resulted in an underdiagnosis of RSV. Nonetheless, a similar percentage has been reported among hospitalized adults with CAP in Canada (2.6%) (Johnstone et al., 2008) . Two of these three studies (Peñafiel et al., 2016; Rioseco et al., 2012) used the same CAP definition, based on the diagnosis criteria for CAP proposed by Fang et al. (Fang et al., 1990) . These criteria are as follows: 1) infiltrate in a chest X-ray taken on admission and 2) presence of one or more major findings (cough, mucopurulent or hemoptic expectoration, axillary temperature over 37.8 C), or at least two minor findings (pleuritic chest pain, dyspnea, decreased level of consciousness, lung tissue condensation observed in the physical examination, or a white blood count of over 12 000/mL). The remaining study (Luchsinger et al., 2012) used a different definition, consisting of the presence of acute respiratory symptoms for one week and a chest radiograph displaying new pulmonary radiographs.
Only five studies reported data on RSV-associated hospitalization and/or mortality in adult patients. Still, those that did show that a considerable proportion of RSV-infected adult patients (!18 years) presenting with ILI required hospitalization in Mexico (from 40.9% to 69.9%) (Galindo-Fraga et al., 2013; Gamiño-Arroyo et al., 2017) . Of note, in both studies, the majority of RSV-infected adults were aged 50 years (approximately 63.2%: 63/108) and <60 years (approximately 65.2%: 15/23), respectively. These results suggest that RSV infections may be a significant cause of hospitalization in the adult populations, including younger adults. Nonetheless, older patients were shown to be at an increased risk for hospitalization (Gamiño-Arroyo et al., 2017) . One study reported the percentage of hospitalizations in patients with RSV-related CAP. Naturally, the percentages found were even higher (91.7%) than those reported for ILI patients (Luchsinger et al., 2012) . Finally, a study in Guatemala showed a substantial burden among hospitalized adult patients with RSV, as 19.6% required intensive care admission or mechanical ventilation, were discharged in moribund conditions, or died. Once again, though the highest percentage was found in those aged !65 years (26.3%), a considerable percentage of severe outcomes (18.2%) was found in younger hospitalized patients (18 to 49 years) (McCracken et al., 2013) .
Studies conducted in various regions, including United States of America, Canada and Hong Kong, have shown a considerable RSV burden among adult populations, particularly in high-risk individuals (Thompson et al., 2003; Falsey et al., 2005; Lee et al., 2013; Volling et al., 2014) . The present review demonstrates that RSV is a cause of illness in adults and the elderly in Latin America and suggests that RSV infections may be a significant cause of hospitalization, including in younger adults. Still, the low number of included studies (reflecting the scarcity of recent RSV data on adult populations in Latin America), coupled with the high variability of RSV identification percentages across studies, make it difficult to infer the real RSV burden in this region. Thus, further studies focusing on adult populations at risk for RSV infections in Latin America, particularly conducted during RSV seasons, could prove valuable to provide a clearer and more accurate picture of the virus' real burden.
Limitations
Our review had some limitations. First, the EMBASE database was not used in the literature search. As a result, we may have failed to identify other potentially eligible studies. Second, we excluded studies that reported outcomes of interest for RSV in Latin American countries, but that did not present them exclusively for adult populations. Third, because only a small number of included studies focused exclusively on adults, most did not characterize the adult populations assessed for RSV. Thus, we were not able to assess the differences between the adult populations evaluated in each study, which could be in part responsible for the variability observed in terms of RSV detection.
